INTRODUCTION
Hispanics in the United States represent several racial and ethnic groups, over 20 countries of origin, different degrees of acculturation, and live in disparate socioeconomic contexts. 1 This heterogeneity influences disease risk, diagnosis and management 2, 3 and accumulating evidence shows differences among Hispanics in the rising prevalence and severity of cardiometabolic diseases including diabetes. [4] [5] [6] [7] [8] To date, there is no comparative prospective data on diabetes control among Hispanics. Of the four major prospective trials of type 2 diabetes, [9] [10] [11] [12] [13] only the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial, and the Veteran Affairs Diabetes Trial (VADT) included Hispanic participants. The ACCORD trial, unlike the VADT 12, 13 recruited both men and women across diverse clinical sites and provided the opportunity to evaluate prospective data on glucose control among groups who had uniform access to comprehensive diabetes care.
The ACCORD trial results (online Appendix A, Table 1 ) have shaped clinical practice in glucose, lipid and blood pressure management in type 2 diabetes. Briefly, compared to standard therapy, intensive therapy to target glycated hemoglobin below 6 % increased all-cause mortality, but reduced nonfatal myocardial infarction and progression of nephropathy and retinopathy. 12, [14] [15] [16] [17] Nonetheless, persistently elevated glycated hemoglobin levels rather than low values were associated with increased mortality risk in the intensive arm. 18 Hispanics as a group had greater glycated hemoglobin values compared to non-Hispanic whites in the trial. 20 Given the heterogeneity of Hispanics in the United States, we hypothesized that there will be differences in glucose control among Hispanic groups receiving comprehensive diabetes care in the ACCORD trial. These differences will also be reflected in each Hispanic group's glycated hemoglobin achievement rate compared to non-Hispanic whites. This is not captured in the comparison of Hispanics as a homogenous group with non-Hispanic whites. In this paper, we report on glucose control among three distinct Hispanic groups, Mexicans, Puerto Ricans and Dominicans and differences between each of the three Hispanic groups and non-Hispanic white participants in the ACCORD trial.
METHODS
Design. We analyzed data from the ACCORD trial, a double two-by-two factorial, parallel treatment trial that was conducted across 77 clinical sites in the United States and Canada. The trial recruited 40-79 year old individuals who have type 2 diabetes and cardiovascular disease or at least two cardiovascular risk factors. 10 The study protocol was approved by the institutional review board or ethics committee at each study center, and by a review panel at the National Heart, Lung, and Blood Institute. Study design and methods are documented elsewhere in detail. 10 Briefly, all participants who met inclusion and exclusion criteria (online Appendix B), and provided written informed consent were randomized to the intensive or standard treatment arms targeting glycated hemoglobin goals below 6.0 % and between 7.0 %-7.9 %, respectively. There was no recruitment strategy employed specifically for race/ ethnic groups. All participants received glucose lowering drugs, glucose monitoring supplies, and language appropriate lifestyle counseling and diabetes education. Adherence to visits and therapy was encouraged at every visit, and glycated hemoglobin values were monitored. Study physicians added or reduced diabetes medicines to ensure participants were within glycated hemoglobin goal of the treatment arm. As a sub-study, weekly caloric expenditure was collected on a randomly selected subset of Hispanic participants (n=96). Participants were followed in their respective treatment arms for a median of 3.4 years, after which the intensive arm strategy was discontinued and Place of Birth. Hispanic participants (n = 716) were separated into two groups, born in the United States or Canada, or born elsewhere, based on place of birth information entered in text fields (city, state, and country) on the baseline Contact Form. For the 417 participants who could not be categorized, study sites gathered country of birth information at the end of the study. Of the 701 Hispanic participants whose places of birth were determined, 569 were included in the analysis comprising Mexicans (n = 236), Puerto Ricans (n = 185), and Dominicans (n=148).
Main Measures. The ACCORD trial's main measures, outcomes, and findings are detailed in online Appendix A, Table 1 . Glycated hemoglobin goal achievement is the focus of this paper, and it is defined as achieving goal of 7.0 %-7.9 % for the standard arm, and below 6.5 % for the intensive arm. The cut point of 6.5 % for the intensive arm is consistent with the goal recommended by several endocrine experts, including the American Association of Clinical Endocrinologists; 19 and, it is the median goal achieved in the intensive arm of the ACCORD trial.
Statistical Analysis. We analyzed data collected for a median follow up of 3.4 years. Comparisons of baseline characteristics among Hispanic groups were made using analysis of variance for continuous variables and Chisquared (χ 2 ) tests for categorical variables. We compared the following descriptive statistics among Mexicans, Puerto Ricans and Dominicans and/or between participants born in the United States and those born elsewhere stratified by the two treatment arms: (1) N(%) of participants whose glycated hemoglobin was at goal at baseline. We used Fisher's exact tests in the intensive arm that had smaller numbers and χ 2 tests in the standard arm to compare proportions that had glycated hemoglobin values at goal at baseline. (2) N(%) who achieved their glycated hemoglobin goal at any time during the period covered by this analysis. We used χ 2 tests and unadjusted Cox proportional hazards models to compare these proportions. (3) N(%) of those whose glycated hemoglobin values relapsed. A rise above 6.4 % or 7.9 % for intensive and standard treatment arms, respectively, any time after achievement of goal defined relapse. We used χ 2 tests to compare relapse rates. (4) Median number of days from baseline to first achievement of glycated hemoglobin goals. If baseline glycated hemoglobin values reflected at goal values, then time to goal achievement was "0" days. We used nonparametric median tests to compare time to achievement of glycated hemoglobin goals. (5) Adherence to study visits was calculated as the proportions of scheduled study visits attended by each participant, and the average proportion for each Hispanic group stratified by the two treatment arms. We used analysis of variance models to test differences in adherence to visits among Hispanic groups. (6) We compared glycated hemoglobin achievement and relapse rates between each Hispanic group and non-Hispanic white participants using unadjusted logistic regression models. Data for non-Hispanic white participants was obtained from analyses by Calles et al., with the same cut points for glycated hemoglobin goals and definition of relapse as in our analyses. 20 We used Cox proportional hazard models for multivariate modeling of time to first achievement of glycated hemoglobin. Because Puerto Ricans had one of the lowest achievement rates of glycated hemoglobin goal in the intensive arm and were the second largest group, they were selected as the reference group for this analysis. We created two models, one for each treatment arm, to compare Hispanic groups and those born in the United States with those born elsewhere. Both models controlled for the following pre-specified baseline continuous covariates: age, duration of diabetes, systolic and diastolic blood pressure, high and low density lipoprotein, body mass index (BMI), and categorical covariates: education (less than high school, high school graduate, some college or higher) a history of neuropathy (yes/no), insulin therapy (yes/ no), and number of oral hypoglycemic drugs (0, 1, 2 +). Additionally, we used multiple logistic regression models to compare glycated hemoglobin goal achievement and relapse rates between each Hispanic group and non-Hispanic white participants.
RESULTS
There were some differences in baseline characteristics among the three Hispanic groups. Puerto Ricans were older (62.8 years), Dominicans were predominantly women (58 %), fewer Dominicans (11 %) had higher education, and fewer Mexicans (59 %) had health insurance. Mean weekly caloric expenditure (p=0.034), BMI (p= 0.001), diastolic blood pressure (p=0.004) and high density lipoprotein (p=0.018) values differed significantly among Hispanic groups. There was no statistically significant difference in baseline systolic blood pressure levels (p =0.388), low density lipoprotein values (p= 0.449), history of neuropathy (p=0.239), and use of insulin (p=0.099) or oral hypoglycemic medicines (p=0.805). (Table 1) Almost three-quarters (74 %) of Mexicans, and twothirds of Puerto Ricans (66 %) and Dominicans (64 %) achieved glycated hemoglobin goal in the intensive arm. Fewer Mexicans (65 %) experienced relapse in their glycated hemoglobin values, and Dominicans had the highest (84 %) relapse rate in the intensive arm. In the standard arm Dominicans had the lowest goal achievement rate (83 %), whereas 90 % of Puerto Ricans and 91 % of Mexicans achieved glycated hemoglobin goal. The relapse rate in the standard arm was the same (68 %) for the groups. The median time to goal achievement among Hispanic groups in the intensive arm ranged from 232 to 265 days; Dominicans took the longest and Mexicans the shortest median time. In the standard arm, Mexicans had the longest (120 days) and Puerto Ricans (115 days) and Dominicans (116 days) had similar median times for achieving goal. Hispanic groups attended over 90 % of their scheduled clinic visits and there was no statistically significant difference in either treatment arm. (Table 2) A greater proportion of United States-born participants achieved glycated hemoglobin goals compared to those born elsewhere, (77 % vs. 65 %, p=0.10 in the intensive, and 95 % vs. 87 %, p=0.07 in the standard arm). These associations were not statistically significant. There was no significant difference in relapse rates in the intensive arm (67 % vs. 76 %, p=0.23), or in the standard arm (75 % vs. 65 %, p=0.12). In the intensive arm only, the median time to achieving glycated goal was shorter for those born in the United States compared to those born elsewhere (231 vs. 251 days, p=0.01). (Table 3) In the unadjusted Cox proportion analysis (data not shown), in the intensive arm, Dominicans were less likely than Puerto Ricans (HR =0.55, CI: 0.41-0.73), or Mexicans (HR=0.86, CI: 0.68-1.07) to achieve glycated hemoglobin goal during the trial. In the multivariate Cox proportional models, Mexicans were more likely than (HR = 1.38, CI:0.90-2.10), and Dominicans as likely as (HR=1.01, CI:0.66-1.54) Puerto Ricans to achieve glycated hemoglobin goal in the intensive arm. There was no difference among Hispanic groups in the standard arm. (Table 3) Of the baseline characteristics, only duration of diabetes (HR= 0.97, CI:0.95-0.99) and insulin therapy (HR = 0.56, CI:0.38-0.83) in the intensive arm, and insulin therapy only (HR=0.62, CI:0.42-0.92) in the standard arm were associated with rates of glycated hemoglobin goal achievement. (Table 4) In the multivariate Cox model although statistically not significant, United States born individuals had a greater likelihood of reaching goal (HR=1.57, CI:0.99-2.51) in the intensive arm and in the standard arm (HR=1.51, CI:0.95-2.43). (Table 4) Compared to non-Hispanic white participants, Puerto Ricans (OR=0.47, CI:0.31-0.71) and Dominicans (OR= 0.41, CI:0.26-0.66) were significantly less likely to achieve glycated hemoglobin goal in the intensive arm of the trial. All Hispanic groups had higher relapse rates than nonHispanic white participants in the intensive arm. These differences were statistically significant for Puerto Ricans (OR=2.11, CI: 1.18-3.76) and Dominicans (OR=3.00, CI: 1.40-6.44); whereas, the difference between Mexicans and non-Hispanic whites (OR=1.11, CI: 0.70-1.77) was not statistically significant. None of the difference in relapse rates in the standard arm was statistically significant. (Table 5) 
DISCUSSION
To our knowledge, this is the first comparative report from a prospective trial on differences in glucose control among Hispanic groups. The main findings are: 1) There are some residual differences in glucose control among Hispanic groups in a consistent direction, despite uniform access to care. Mexicans were 38 % more likely, and Dominicans equally likely as Puerto Ricans to achieve glycated hemoglobin goal in the intensive arm of the ACCORD trial. Mexicans were also more likely to maintain their achieved glycated hemoglobin goals than Puerto Ricans or Dominicans. However, the differences in glycated hemoglobin goal achievement rates were not statistically significant. 2) All Hispanic groups had lower rates of glycated hemoglobin achievement compared to non-Hispanic whites. The differences were statistically significant for only Puerto Ricans and Dominicans. 3) Hispanics born in the United States compared to those born elsewhere were about 50 % more likely to achieve glycated hemoglobin goal, but these differences did not reach statistical significance.
The small but residual difference that set Mexicans apart from Puerto Ricans and Dominicans, and the variable divergence from non-Hispanic white participants in achieving glucose control is consistent with accumulating evidence that the Hispanic population in the United States is heterogeneous in cardiovascular risks, 5 in levels of glycated hemoglobin values, 21, 22 and health behavior. 8 Insulin therapy at baseline reflecting a progressive decline of beta cell function, 23 was significantly linked with poorer *Glycated hemoglobin goal refers to <6.5 for the intensive arm and 7-7.9, inclusive, for the standard arm † Ever had a measured hemoglobin of >6.5/>7.9 among those who first achieved goal in their respective treatment arms ‡ Time to first glycated hemoglobin goal achievement; if <6.5/<7.9 at baseline, time to achievement = 0 days and cultural competence beyond language-consonance between clinical staff and study participants 8, 25 were not the focus of the ACCORD trial and detailed measures were not collected. These factors could influence self-care such as glucose self-monitoring, 26 life style 27 and willingness to have therapy intensified. The importance of self-care in diabetes management is consistent with our observation that the differences in achieving glycated hemoglobin goal were more magnified in the intensive treatment arm compared to the standard arm of the ACCORD trial. The intensive treatment strategy required greater degree of self-monitoring and therapy intensification.
Other investigators have shown that providing culturally competent clinical care can reduce glycated hemoglobin values, and that individuals who have high health literacy are more likely to have better diabetes management. 24, 25 Although the ACCORD trial did not directly measure health literacy or acculturation, Puerto Ricans and Dominicans, who were less likely to achieve glycated hemoglobin goal, had lower levels of education compared to Mexicans and over 90 % were born elsewhere, compared to 48 % of Mexicans. However, the association of neither education nor birthplace with rates of glycated hemoglobin goal achievement reached statistical significance. This might highlight the notion that the influence of functional health literacy and acculturation in the context of access to uniform care is poorly captured by such broad measures as level of education and birthplace. 28 Directly assessing functional health literacy and delivering clinical care tailored to unique acculturation and contextual influences could reduce the residual disparity observed, after providing access to language-appropriate comprehensive diabetes care.
The main limitation of our study is that our findings are drawn from sub-analyses of the ACCORD trial and are exploratory. The trial was not designed to evaluate differences among sub-groups in glucose control; therefore, the analyses risk spurious results. However, the differences detected among the Hispanic groups are in a consistent direction, the groups were identified at baseline, and we provide tests of significant interactions with pre-specified covariates to limit unwarranted conclusions.
We conclude that, among Hispanic groups receiving language-appropriate and substantial diabetes care and support, the disparity in glycated hemoglobin goal achievement rates was narrow. There was a small but notable residual difference between Mexicans and Puerto Ricans, while Dominicans and Puerto Ricans had similar rates of glycated hemoglobin goal achievement; and there was a distinction between Mexicans and Puerto Ricans or Dominicans in the contribution to the overall Hispanic rate of glucose control. Given the somewhat persistent and variable disparity in glucose control between Hispanic groups and non-Hispanic whites, despite uniform access to care, we recommend clinical vigilance to identify such potential influences of diabetes self-care as low level of health literacy and understand health beliefs that are shaped by unique cultures and degree of acculturation among distinct Hispanic groups. Future studies should confirm and further evaluate if the differences in glucose control lead to variable morbidity and mortality outcomes among Hispanic groups. Additionally, data from national surveys and clinical trials that do not differentiate among Hispanic groups should be generalized only with caution to all groups. Reference 2169 (71 %) Reference * Ever had a measured hemoglobin of <6.5/7-7.9 among those who first achieved goal Glycated hemoglobin goal refers to <6.5 for the intensive arm and 7-7.9, inclusive for the standard arm †Ever had a measured glycated hemoglobin >6.5/>7.9 among those who had achieved glycated hemoglobin goals in their treatment arms
